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Abstract

Decoupling theervironmertal attributeof renevable energy(RE) gereratian from
the physcal unit of enepgy is an innovative mechaimsm for marketing greenor re-
newable power. Theintroduction of ‘Tradale Renevable Enegy Credis’ (TREGS)
allows the greenpower attributesto be sold or traded separatelyfrom the physica
unit of energy Sincethe greenpower certificae sysemremovespotential locational
and physial bottlenecks both supgiers and consumersgain flexibility in the mar
ketpace. The TREC s alsoan efficient tool to meet'‘Renavable Portfolio Standard
(RPS)requiredby differentstatesn the U.S. This paperfocuseson thestatewise RPS
requrementsanddiscussesthe implications of anintegrated TREC market. It offers
a compditive settirg to conaimersto pay for renavable energyanda costeffective
tool to thrive renevableenegy geneation, GraceandWiser (2002). This paper also
highlights somepracical difficultiesthatshoud be addressedin order to estalish an
efficientintegratedTREC market.
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1 Background

Derggulating the enegy sectorand achieszing the ervironmentalgoalsthroughreducing
greenhousegaseqGHG) arethe two dominanttrendsin the contemporaryJ.S. enegy
policy. The deregyulation in enegy sectorallows the consumergo buy power from the
provider of theirchoice.In orderto achiese ervironmentaltargetsin aliberalizedor derey-
ulated market (DOE, 1991 Public law, 1992), the designand implementationof policy
measuresnd incentve schemesnustbe compatiblewith this openmarket frameawork.
Theincentive schemeghat have beenestablishedn the pre-liberalizationphasemay not
be suitabk for theliberalizedmarket (Jenserand Skytte 2002). On the basisof costeffec-
tiveness,economiss have beenadwcatingfor market-basedrnvironmentalregulationsto
meetthe ervironmenal targets(suchmechanisrmafirst discussedy Crocker 1966, Dales
1968etc.). As a market-basedool, tradablerenavableenegy credit (TREC) hasgained
extensve interestin Australia,Europeandelsavhereto meetthe ervironmenal targetsof
renavable enegy generatiornin pastfew years.In U.S.too, theideaof TREC s gaining
popularity A numberof statege.g.Arizona,Nevada,Texas,andWisconsinetc.) allow for
or requireTRECsto meetrenavableportfolio standardSeeBerry 2002for moredetails).
This paperdiscusseshe scopeandimplicationsof integrating TREC market basedon the
RPSrequirementcrosdifferentstatesn theU.S. It analyzeghepotentialgainin welfare,

the practicalbarriersandvariousrisksassociateavith thistype of market.

TRECsprovide morethanjust a costefficient renavableenegy system. TRECsspur
competitve technologyto generatagenavable enepgy, createimpetuoudo establishwider
spectrumof costeffective technologieghat bring further economicbenefitsto the coun-
try. In U.S.,in 1996the photovoltaic indugry generatednorethan$800 millionsin rev-

enuesand15000high quality jobs (manugcturing,engineeringsalesnstallaton, servic-

4Sometimeslsomentiond as'certificate’insteacbf 'credit’. In this papemodistinctionis madebetween
thetwo.



ing, maintenanceetc.) in 800 companies.Biomassbasedenegy generatiorhascreated
more than 66000jobs nationwide, $1.8 billion in personaland corporateincome, more
than$460millionin federalandstatetaxes.Eachyearthe geothermalndustrycontrikutes
about$40million to U.S.treasury(NREL 1999).If the TREC systems mandatedhrough

the RPSit will widentheseeconomidbenefitso alarge extent.

Integratingthe TREC market alsohasimplicationsonthe climatechangeplanthatwas
offeredasan alternatve to the Kyoto protocolby the U.S. The climate changeplan calls
for voluntarymeasureso reducetherateof emissionandis in sharpcontrasto the Kyoto
protocolwhichsetsmandatoryemissontargets.PresidenBush’svoluntary climatechange
plan setsthe tamget of reducing“greenhouseyasintensity’ by 18% in next 10 years. The
proposedntegratedTREC market canbe usedto realizethis targetin the samefashionthe
EU countriesusethegreencertificatedo meetthe Kyoto protocol® Thealternatve climate
changeplan stateshatit will respondo broadmarket basedprogramif the US is noton
track by 2010to meetthetargetedgoal (PlattsGlobal Enegy 2002). We believe it will be
wiseto setup the broadmarket basedporogramde.g.,integratedTREC market) at present
ratherthanwait till 2010.

Theremaindeiof this paperis organizedasfollows. Section2 discusssthe basicfea-
turesof a TREC market. Section3 describeshe Australian,EuropearandU.S. experience
with TREC market. Section4 discussesariousissuegelatedto integratedTREC market
suchasthe scopeof integratian, gainsfrom trade,practicaldifficultiesin integratingmar
ketsacrossstatesstatespecificRPSregulationsetc. Thefinal sectionprovidesdiscussin

andconclusios.

SCommonEU emissiorrediction policiesandindividual GHG reduction targetssetby themembercoun
tries arein the process of beingimplenentedto meetthe Kyoto requrements(Morthorst 2003. Policy
malkersarecorsideringatradableC O, permit marletto achiere CO» emissionrediction within the power
industryandotherenepgy intensveindustries Morthorst(20@) analyzesompetinginstitutionsto seewhich
oneis efficientin a situationwhereotheremissiorpermitmarketscoexist with TREC market. He views that
a combination of internatimal traddle pernit market for CO , andan internatiomal TREC market will be
efficientin achieving natioral CO- reductio targetsif thetwo marketsarewell coordnated.



2 The TREC Mark et and its BasicFeatures

TRECshave beensuggesteds a market basedinstrumentto reducethe emissionof the
greenhousegasescausedby the power generator§. TRECsare usedto representhe
“greenness’of a unit of renavableenegy. The advantageof TREC is thatit allows the
generatedinit of electricity to be divided into two parts: the physicalelectricity andthe
associategreennesBy separatingheenvironmenal attributesof renavableenegy gen-
erationfrom the physicalunit of electricity, TREC allows the greenpower attributesto be
sold or tradedseparatelyfrom the physcal unit of enegy (Mitchel and Anderson2000).
Sincethe TREC systemremoveslocationaland physcal bottleneckspoth supplers and
consumergain flexibility in the marketplace. Consumersieednot switch to an alterna-
tive enegy generatoto purchaseenavablepower andcustonersof theregulatedutilities
gainthe ability to purchaseaenavable power wherenonemay be offeredby the hostutil-

ity or whereutility offeringsareconsiderednferior to therenavableenepgy (RE) certified

product.

Literally TRECis adocumenthroughwhichit is claimedthata unit of electricity has
beenproducedrom arenavableenegy (RE) source.Generatorseceve a certificatefor
eachpredefinedunit of electricityproducedrom their RE schemeAllowing TRECwould
make a unit of enegy generatedrom renavableandnon-rengable sourceindistinguish-
able. If TRECsareallowedto meetRE obligation (e.g. RPSrequiredby several states),
renavableenepgy generatorwill be ableto earnrevenuenot only from selling the power
but alsofrom selling the additionalcertificate TRECSs). Figure 1 explainsthis in further

detail.

Tradingthe ervironmentalattributesseparatdrom the units of enegy helpsto avoid

6U.S.electricutilities arerespmsiblefor 26% of thenatioris nitrogenoxideand64% of thesulfur dioxide
emissionslt ranks first amongU.S. industriesemittingtoxics aslistedin the federa Toxic releasénvertory
andemitsmorethanthe pager, chemical plasticsandrefiningindustriescombina (www.ucsusa.ay).



underlyingcompleity of enepgy trading. First of all, establishmg separatdransmissin
network to supplyrenavable enegy distingushablefrom traditionalfossil fuel baseden-
ergy would be very expensve. Secondly in stateswherethereare no greenmarketers,
opportuniies for bundledsale of enegy and ernvironmentalattributeswould be limited.
Also, mostof the enegy marketsare multi-scalein time. The forward markets(e.g. day-
aheadhourahead)ong term) aresettledaheadof time whereaghe spotmarketis settled
in realtime. Decouplingof ervironmentalattributesallow the RECtransactiorto carryon
its own schedule.If the environmentalattributesand enegy remainedbundled,the reg-
ulator would have to dealwith the delivery time and other often complex issuesin the
enegy trade. It would alsoreducethe uniform commodty natureof the enepgy trading
unitandmake it harderto evaluatein therealtime whetherthe enegy sourceis renavable
or not (Rackstrev andPalmisano2002).n bilateraltransactionsndwhereall generators
areforcedto sell into spotmarkets,decouplingof environmentalattributesis essentiato

obtainthe greenpremium.

Figurel compareghe bundled(a) andunbundled (b) transactiorof enegy andits en-
vironmentalattributes.Panel(a) shavs a tradingstructurewherearenavableenegy plant
sellstheenepgy andits environmentalattributesasa singlecommodity In this case|jf the
consumemantsrenavable enepy, its hostutility hasto be a renavableenegy producer
Thetradingstructureof Panel(b) allows the renavable unit of enegy to be split into two
components a baseenegy unit anda REC unit which representshe ervironmentalat-
tributesof the renavableenepgy. Therenavableenepgy producercansell the baseenegy
andREC to differentsuppliers.In Panel(b), the producerof renavableenepgy sellsbase
enepy to supplierA andRECto suppler B. Thisarrangemenoffersconsumersheoption
of buyingbaseenegy from ary supplierthey chooseandyetcontributein theproductian of
renavableenegy by buying REC. This mightoccurwhena consumegvantsto buy renev-

ableenegy but its hostutility doesnot have any renavableenegy plantandthe consumer



doesnotwantto switchfrom the hostutility. In our example,consumed buysbaseenegy
from supplierA andRECfrom suppler B while consume® buysonly RECfrom supplier

B andhis baseenegy from a differenthostutility.

TRECsalsoprovide flexibility to the generatoravhenthey are mandatedo produce
a certainshareof electricity from renavable sources. The costof generatingrenavable
enegy maysubstanally vary acrosggeneratorsiueto theirlocation,limited supplyof re-
newvableinputsandtheexistingtechnology Thetradingof RECsallow the non-rengvable
generatorso buy the certificatesrom a renavablegeneratoto meetthe requirementn a
costeffective way. We discusghistopicin moredetailin sectiord. Extendirg thetradeof
RECsacrossstatesvould furtherenhancehe flexibility to bothconsumersindproducers.

This alsoresultsin highereconomicefficiencgy to thesocietyasawhole.

Figurelto goabouthere.

3 Experiencewith TREC Mark etin Australia, Europeand
U.S.

Australiawasthefirst countryto createa nationalrenavableenegy market usingtradable
certificates.The purchaser®f wholesaleelectricity arerequiredto ensurethata percent-
ageof theelectricityboughtis from therenavablesourcegAndrens 2001). This hasbeen
achievedthroughthecreationof a TREC market. In Europe severalcountriesaresupport-
ing TRECtrading,not only to ensurecompliancewith greenhousgasreductiontargetsor
renavable enepgy obligaions, but to sene voluntarydemandor greenpower aswell. In
Netherlandsa voluntary REC market hasexisted since1998. Danishmarket followedthe
footstepsof the Dutch market althoughthe Danishmodelis not exactly the sameasthe

Dutch/! Certificatestradedin a separatendpurely financialmarket are usedto cover an

’TheDutchsystenmis volurntary whereashe Danishsystemis obligatay for all consunersto buy acertain
shareof electricity geneatedby therenavablesourcesseeBird etal. 2002 However, notethatthe Danish
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obligabry sharein the Danishmarket. All renavableenegy technologiesrecertifiedfor
producinggreenor renavable electricity andissueda REC per unit of production which
canbesoldto distribution companie®r otherelectricity consumersvith the obligaion to

buy renavableelectricity.

Somestatesin the U.S. usethe Renavable Portfolio Standard(RPS),a mechanism
thatrequiresutilitiesto maintin (in somecasegraduallyincrease) portionof electricity
producedrom renavableresourcesThe RenavablePortfolio StandardRPS)is aflexible,
market-driven policy that can ensurethe ervironmentalbenefitsof wind, solar biomass,
and geothermakenegy production(Beck et al. 2002). The RPSrequiresall electricity
generatorgor electricity retailers,dependingon policy design)to demonstratethrough
ownershipof credits,thatthey have supportedan amountof renavableenegy generation
equialentto somepercentagef theirtotalannuakWh sales.For example jf theRPSis set
at5%, anda generatosells100,000kWhsin a givenyeatr it would needto posses$,000
creditsat the end of thatyear In orderto maintainRPSwithout owning ary renavable
generators,TRECS’ existenceis critical. The RPSrelies almostentirely on the private
market for its implementation. Suchregulation implementedthroughmarket will result
in competiton, efficiency, innovaton andwill deliver renavable enepy at a significantly
lower price. SeeMorthorst(2000,2001),NeilsonandJeppesef2000,2003).

TradableRenavable Enegy Credits(TRECSs)play a critical role in meetingthe RPS
requirementAt presenilexas,Arizona,WisconsinandNevadaallow for or requiretheuse
of TRECswhile someotherstatesarein theproces®f introducingTRECs(for moredetails
seeBerry 2002). A creditis a tradablecertificateof proof thatonekWh of electricity has
beengeneratedby arenavable-fueledesource Creditsaredenominatedh kilowatthours
(kWh) andarea separateommodiy from the poweritself. AlthoughtheU.S.government

is just beginning to recognizethe TRECS’ potental, several companiesandorganizatias

modé is yetto befully implemented.



have startedto offer TREC on experimenal basis. PG&E’s National Enegy Groupis
selling TREC from their New York wind farmthroughoutthe northwestregion. The Los
Angles Departmeniof Water and Pawer is also selling TREC to the interestedparties?
GiventhatmostRPSrequirementsremandatoryratherthanvoluntary, our discusgon will

mainly focuson implicationsfrom a mandatoryRPSrequiremenin anintegratedTREC

market.

4 |ssuesRelatedto Integrated TREC Mark et
4.1 Trade AcrossStatesusing Integrated TREC Mark et

Giventhatthe TREC marketis gettingmoreprominencean the U.S. for renavableenepgy
generationthis studyadwcatesanintegratedmarket for TREC thatwill allow the credits
to betradedacrosghestatesThiswill helpmeetthe RPSstandardnaintainedy different
statesin a very costeffective manner Table 1 summarizeshe statusof REC tradingin
differentstatesn the U.S. Thefirst two columrs shav the stateghatofficially allow REC
trading to meetmandatedRPSrequirement(inside the state). The third column showvs
whethera detailedprogramhasbeendesignedo operateREC trading. The lastcolumn
shaws that three out of ten statesrecognizethe out-of-stateresourcedo meetthe RPS

standardequirements.
Tablel to goabouthere.

Whenonly in-staterenavableresourcesareallowed for RPScompliancethe price of
tradablecreditsis determinedn a straightforvard fashionthroughmarket interactionsof
thein-stateactors.In anintegratedmarket, the price of tradablecreditswill be determined

throughthe market interactionsof thein-stateaswell asthe out-of-stateactors.If suchan

Swww.purewind.ret
Swww.ladwpcom.hane/htp



integratedmarket workswithoutarny imperfectionthelink betweerthe price of electricity

andpriceof the certificateswill bethefollowing:
MC.=MC, — P,

where M C. is the maginal costof certificate, M C, is the maginal costof producing
enegy from renavablesourceand P, is the market price of enegy. Thatis, the price per
unit of renavableenegy will be the market-basedrice for physcal power andthe price
of the tradablegreencertificate. Competiton acrosshe statein the certificatemarket en-
sureghatthesuppy pricefor greencertificategeflectstheactualpricedifferentialbetween
renavable and non renavable power andthe price of the certificateswill be equalto the
MC of producingcertificates.The maiginal cost(MC) of producingthe certificatesvaries
acrossstatedueto thedifferencesn theavailability of renavableinputs(e.g.wind, solat
geothermalhydro). A statewith a shortageof renavableresourcegi.e. higherMC of
producingcertificates)canbuy certificatesfrom a statewith the surplusof renavablere-
sourcegwhereMC of producingcertificateds lower). In this case the statewith shortage
of renavableresource$acesa supplyconstraininotableto supplyenoughcreditrequired
to meetthe RPS andthestatewith abundanceof renavableresource$acesademandon-
straint(notenoughdemando sell additioral creditsaftermeetingthe RPS).This is shavn
in Panel(a) and(b) of Figure2. Panel(a) shavs thatstateA is facinga demandconstraint
which resultsin alocal priceof P; andquantiyy Q4. Similarly, Panel(b) shavs thatstate
B is facinga supplyconstraint The pricein stateB is P5 andquantiy Q5. StateA has
lot of excesscapacitywhereasstateB hasexcessdemandf REC. Panel(c) shovstheag-
gregateddemandandsupplycurves.If tradeof RECsis allowedacrossstatesthe clearing
price andquantitywould be P andQ::*# respectiely. StateA would export the surplus
RECsraisingits domestiqriceandstateB wouldimportthe RECsto overcomethesupply
constraintwhich lowersthe priceto Pr. In this examplebothstateA andB gainfrom the

tradeandareableto meettheir RPSrequirement.The societyasa whole becomesnore
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efficient in providing renavable enegy by extendingthe TREC market beyond the state

boundaries.
Figure2 to go abouthere.

Figure 3 shaws the gainsfrom tradein a slighty differentway. It shovs thatif two
stateshave differentcoststructuredor producingrenavable enegy, both canbenefitby
tradingthe RECs. In stateA, the mamginal costof producingTREC is initially high but
goesdown gradually This could be dueto high initial fixed costsfor renavable enegy
generatorsOn the otherhandin stateB, the mamginal costof producingTREC is initially
low but risesat higherlevelsof productio. This couldoccurdueto shortageof renavable
resourcesn stateB. From Figure3 it is easyto seethatif thetotal TREC requirementn
stateA andstateB is lessthan(@., e.g. @, it would be cheapeffor stateB to produce
all of @, andsell partof it to stateA. The maginal costof productionin stateA (MC}*)
is higherthan the maiginal costof productionin stateB (M C/?). Similarly, if the total
TREC requirementn higherthan(@., e.g. @y, it would be cheapeffor stateA to produce
all of Q,, andsell partof it to stateB. Themaiginal costof productio in stateB (M C/F) is
higherthanthe mamginal costof productionin stateA (M C}'). However, if thetotal TREC

requiredis ., bothstatesvould be equallyefficientin meetingtherequirement.

Figure3to go abouthere.

4.2 Scopeof Integration and Gainsfrom Trade

In the previous subsectionwe discussed different hypothetcal situatiors to demonstrate
the gainsfrom trade. Someonanight argue that this is not a true representatiorf the
availability of renavable resourcesn differentstatesof the U.S. To investgatethis we
look into the price premiumsoffered by differentrenavable enegy certificatemarketers.

As Table2 shaws, the price premiuns vary from 1.6 cent/kWhto 4 cent/kWh.Thelowest
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price premium(1.6 cents)is in Californiaandhighestprice premium(4 cents)is in New
York.X° This differencein premiumis not surprisinggiven that California hasplenty of
wind andwaterresources$o producerenavableenegy whereasNew York hasonly limited
renavableresources! To meetthe RPS(assumehatNew York andCaliforniahassome
RPSrequirement)oth New York and California can gain from tradingthe TREC with
eachother Notethatthe RPSrequirementioesnot have to bethe samein two states.The
differencen price premiuns mayappeanegligible but notethatthis differencas perkWh
and both thesestatesusemillions of kWh of enegy. The differencein price premiums
couldoccurdueto severalotherreason®.g. differencesn demandor renavableeneny,
differencedn sophisication and market knowledgeof the buyersin voluntary programs,
differencesn costof cornventianal enegy supply differencesn utility pricing methods,
differencesn costsof variousrenavable enegy technologes and differencesin quality
of renavableenegy from placeto placel? Futureresearctcandisaggrgae factorsthat
influencethe pricedifferencesTable2 shavsthatthe price premiumsofferedby thegreen
certificatemarketersvary significantlydependingiponthelocationandtype of renavable
resourceused. This indicatesthe potentialfor integration of the TREC markets across

differentstates.

The empiricalanalysisof thesedifferencesacrossstatess lackingbecausef the data
availability. Most stateshave eitherjustimplemenéd or startedto considelimplementng
RPS!® However differentfindingsindicatethatthe costof renavabletechnologésvaries

considerablywithin andacrosshe statest* On averagethe U.S.wind generatorget 10%

0Thevariation in price premumsis gettingwider asmore andmorecomganiesoffer renavablepowerin
differentstateqfor detailsseeSwezg andBird 2000).

1n 2001, New York had4577 MW of renavable enegy geneating capacity of which 4443MW was
hydro capacity

12Theauthos would lik e to thankananorymous refereefor pointing this out.

B3Thefirstimplemenation of RPSwasin year2000andmostof the otherprogamsstartedbetweer200L
and20@ (GDS20m).

YFor instancejn Hawaii geneating electricity from biomassrangesfrom 19-25 cents/kWh whereasfor
wind it variesfrom 8-11 cents/kWh(GDS 20). In the California-Southen Nevadaregion, the leastcost
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adwantageover naturalgasfueled generators.The costof generatingrenavable enegy
from biomasss abouttwo timesmorethanwind andgascomhusion turbines.Theoil fired
turbinesaretwo-threetimesmoreexpensve thannaturalgasfired ones.In the Northwest
and Southwestregions, the cost of renavable enegy generationis almostthe sameas
Californiaexceptfor biomass.The costof generatingenavable enegy from biomasss

one-fourthlessexpensve in SouthwesandNorthwestthanin California(GDS 2000).

Thereis also substantialdifferencesin the costof corventional enegy supply An
earlieranalysisshoved that the averageelectricity pricesrangedfrom 3.7 cents/kWhin
Washingtorstateto 10.8 cents/kWhin New York andNew Hampshirg/Ando andPalmer
1998). Electricity pricesarehigherin stateshataredependenbn nuclearandoil-fueled
plants(northeasstatesandin California,AlaskaandHawaii) comparedo northweststates
that have relatvely cheaphydropaver. In addition different stateshave different utility
pricing system. The price differencesof certificatesacrossstatesmay be influencedby
thesefactors. Sophistcation of the market setby regulatoryauthority differencesn de-
mandfor renavable enegy andthe information availableto the buyersandsellersof the

certificatesmayalsoinfluencethe price of the certificates.

An integratedTRECmarketcanberationalizecevenif thedifferencen pricepremiums
is causedy factorsotherthandemandandsupplyof renavableenegy.'® Thisis because
integration will provide greatereconomief scalein implementingRPSregulation In-
tegratedTREC systemwill reducethe pricefluctuationsof the certificatesandwill resole

someof theinstitutionaldifferencesnenticnedbefore.

Table2 to goabouthere.

renavabe techndogy is geottermalbut the availablecapacityis limited.
15pleasaeferto thefactorsgivenat the beginning of this section.
18For instanceNevadas 1% RPSrequrementis too smallto establisha singlestateTREC system.
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4.3 How would the integrated TREC market work?

To effectively setup anintegratedTREC market, an obligaion or minimum requirement
of RE hasto be imposedat somepoint of power suppy chain(production,transmissn,
distribution or consumpgbn). RPSis oneway of imposng this obligaion. Somestates
have alreadyagreedto maintainthe RPSwhile othersarein the planningstages.in UK
the obligation hasbeenplacedon the supplierswhile in Denmarkit hasbeenimposedon
the consumersin the U.S.,in mostcasesit is on the generatoranddistributors (Bird et
al. 2002).Usuallygovernmentis responsite for certifying credits,monitoring compliance
andimposng penaltiesf necessaryFor generatorshatarenotin full compliancewith the
RPS,the administratre ageny would assessn automatt penaltyfor eachcreditthatthe
generatofailedto producebasedntherequirementTheamountof the penaltyshouldbe
severaltimesthe costof actualcredit. A high penaltylevel makesthe policy self-enforcing
by avoiding the needto resortto costly adminstratve and enforcemenimeasures.For
instanceafterthefederalSO, allowancetradingprogram anautomatick2,000ton penalty
(indexedto inflation) wasimposedfor eachexcesston of SO, produced.Becauseof the
high penaltyassociatedvith noncompilance,the EPA hasnot beenrequiredto take ary
enforcemenactions.It hasbeenfar moreeconomidor power plantsto complythanto not
comply.

Theregulationsetby thegovernmentor its ageng specifieghe detailson how to com-
ply, including: thetype of renavableresourceso use,time durationfor validity of credits
andotherrelatedcontractuatermsof agreementGeneratorandutilitiesdecidefor them-
seleswhetherto inved in renavable enegy projectsand generatetheir own creditsor
enterinto long-termsghort-termcontractsto purchasehe credits. Only the bottomline is
enforced:possessionf a certainnumberof creditsat the endof eachyear This way the

creditsystemprovidescomplianceflexibility andavoidsthe needto “track electrons”™’

f therestrictionis imposedon the consuners,all corsumerf electricityacrosghe statesareobligate
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The market for TREC will function solely asa financial market; the only relationto
thephyscal electricitymarket will begiven by theupperlimit of certificateswhich cannot
exceedthe amountof electricity producedby the renavable technologies. The demand
for the TREC is given by distribution companiesr otherconsumersvhereaghe supply
is determinedby the electricity generationfrom renavable technologes. Settingup the
RPSstandards alsoa crucial thing to consider The main objective of RPSis to foster
developmentof renavablecapacitiesThe RPSstandardgsubstanally affectstheintegrated
TREC market. If thestandards too low, therealizedprice of TRECsmightbetoo low to
securedevelopmentof new capacity On the otherhand,if the standards too high then
theenegy generators/consumensuld have to paya high price (penaltypayment¥or not
fulfilling the standard.In that case,the tradingof TREC acrossthe stateswill drav the
TRECsfrom low standardstateto high standardstateaswell asfrom low price stateto
high pricestateasshavn in our model. The penaltypricefor non-compiancemustbekept
higherthanthe marlket price of TREC to provide incentive for developing new renavable

capacities.

4.4 RPSRegulationsAcrossDifferent U.S. States

Eachof thestatesn U.S.thatadoptedRPSlegislationhassomeuniquefeatures.Thesefea-
turesin mostcaseseflectstates specificenegy suppy situationandthetypesof renavable
resourceshataretechnicallyfeasible(GDS 2000). The sizeof the RPSalsovarieswidely
acrossthe statesfor instancethe RPSrequiremenis 1% in Nevadaand 30% in Maine.

Wiser (2000) providesan excellentcomparatie review of RPSacrosddifferentstates.In

to buy a certainshareof electricity generéed by renavalle techndogies. The major part of this consuner
demam will be coveredby the distribution companies,which will buy the electricity on behdf of their
consuners. Large enegy buyersandotherconsunerswho do not buy enegy from the distribution utilities
(producetheir own enegy or tradedirectly with the enegy geneators)will have to cover an equivaent
shareof their consunption with renevale enegy. Perunit of electricity producedfrom renavable sources
(per MWh) will geta credit (TREC), which canbe sold to distribution compaires, electricity generatos,
consunerswho areobligatedto prodice or usecertainfraction of renavableeneny.
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Maine, the RPSwasenactedwith the openingof retail electricity marketin March 2000.
Therethe renavabletechnologyincludesfuel cells, tidal power, solar wind, geothermal,
hydro, biomassand municipal solid waste(under100 MW), and high efficiency cogen-
erationsystens of unlimited size. The RPSrequirementvasonly 30% of salesin 2000
althoughthe shareof renavableenegy generatiorwas46-51% of total enegy. The RPS
compliancecostin Maine is fairly low (0.1-0.15cents/kWhpremiumover corventional

resources}®

Texasis the first stateto introducecredit-tradingprogramwhich is adminisered by
the ERCOT ISO (independensystemoperator).Therenavabletechnologyincludessolar
wind, geothermalhydro, wave, tidal, biomasshpiomasshasedvasteproductsandlandfill
gas. The draft regulatiors require2000MW new renavablesby 2009. The facilities in-
stalledafter 1995are eligible for creditfor producingabove the 2000 MW requirement.
Theretailerswho do not have requiredamountof RECsarelevied a penaltyof $50 MWh

or 200% of the costof RECs.

In lowa the “AlternateEnegy ProductionLaw 1983” wasrevisedin 1991to include
solar wind, methanerecorery andbiomassasrenavabletechnologies.The law required
investa-owned utilities (I0Us) to have 2% of 1999 salesfrom renavable resources.In
2000, the Arizona CorporationCommisson approsed the “Solar and Environmentaly
Friendly Portfolio Standard”,which allowed only the solar PV and solar thermal elec-
tric technologyto meetthe standard.The requirementvas0.4% of distributed electricity
by first January2001and1.1% from solarby 2007. In Massachusettsolar wind, clean
biomassare consideredenavable but hydro and municipal solid waste(MSW) are not.
The Massachusett®ivision of Enegy Resource$DOER) is moving aheado implement
RPSandconsideringnot only to setup a penaltyfor non compliancebut alsorequirethe

noncomplianttraderto make up for theshortfall in futureyears.

18The currentset-upin Maine doesnot provide muchincentive to increae renavable geneation, it may
actuallyleadto adraop in renavalde enegy production. SeePorterandWiser (200).

15



In New Jersg, credittradingis jointly implementedby NJ Board of Public Utilities
andNJ Departmenbf EnvironmentalProtection. The RPSis comprisedf two tiers: Class
| technologyincludessolat wind, fuel cells, geothermalwave, tidal enegy, landfill gas,
sustainatd biomassandclassll includesmunicipalsolid waste(MSW), hydrothatmeets

high environmentalstandardsThe RPSrequires25% of new unitsto berenavable.

Wisconsinis thefirst stateto adoptRP Swithoutopeningts marketto competition The
renavabletechnologyin Wisconsinincludeswind, solar biomassgeothermaltidal, a fuel
cell thatusesarenavablefuel, hydrounder60 MW. The presentequirementss 0.5% but
increaseso 2.2% by 2011.

In Connecticuthesuppliesareallowedto satisfythe RPSstandardhroughcredittrad-
ing. TheConnecticutegislationdividestherenavabletechnologesinto two classesclass
| technologesincludesolar wind, hydro, sustainatd biomassJandfill gas,fuel cellsand
classll technologesinclude hydro, MSW (municipal solid waste),otherbiomass The
ConnecticutDepartmentof Public Utility Commision (DPUC) enactedregulation that
RPSbe basedon enegy ratherthancapacitythoughit waschangedbackto enepgy stan-

dardin thesameyear1999.

In Nevada50% of renavable enegy comesfrom solarandthe rest50% comefrom
wind, biomassgeothermaln state.The presentequirementare0.2% in 2001whichin-
creasedy 0.2% biannuallyandgoesupto 1% by 2009. AlthoughNevadais oneof thefirst
statedo approze RPSpolicy, it isyetto fully implementRPS.In Pennsylania,enegy from
thehydrosourcess consideredhon-rengvable. The RPSpolicy isimposedon a utility-by-
utility basisanddiffersfor eachutility serviceterritory. The above discussio shaws that
thereis a wide variationin the RPSstandardacrossstatesboth in termsof requirements

andregulations!® Hence the mainobstaclean settirg up anintegratedTREC marketis the

19For instance Massachusettdoesnot recaynize hydro and municipal solid wasteasthe renavale re-
sourcesvhereasthey arerecanizedin someotherstates.In Maine,the RPSrequrementtook effed when
theretail electricitymarketopene in March2000. Ontheotherhand Wisconsinadopgedthe RPSregulation
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incompatilility of regulations Theaccountingyerificationandcredibility issuesarelikely
to beresohed throughthe federalregulatoryintervention (e.g. Environmental Protection

Agengy, FederaEnegy RegulatoryCommissiao etc.).

4.5 Drawbacks,Barriers and AssociatedRiskswith Integrated TREC
Mark et

Settingup anintegrated TREC market to allow tradeacrossthe stateshassomepractical
difficulties. A numberof key issuesneedto be agreeduponby all the participatingstates.
Thestateslo notnecessarilyequireto setequalRP Sstandardut they needto setaunique
standardo claim the creditsfor renavableenegy.?® A similar situatbn arisesin integrat-
ing sucha marketamongEU countries.This is partly becauséhe standardf certification
schemeof differentcountriesis not necessaril)compatiblewith eachother To address
this problem,in Europe thereis aneffort underway to createa commonplatformfor cer
tificatetradingatthecontinenal level. Thegenerationnformationsystembeingdeveloped
in New Englandmayfulfill a similar functionfor the six New Englandstatesput it is not
clearwhetherdifferentregionalsystensin theUSwill be compatibé (seeFigueireda2001
for moredetails).As in Europe therewill eventualy beaneedto harmonizesuchverifica-
tion systens. Settingup anintegratedTREC marketis underway in EU countries(Skytte
2000),althoughdueto lack of directfederalcontrol,the EU situationis muchmorecom-
plex thanthe U.S. Thelessondearntfrom the Europearexperiencecanbevery helpfulin
settingup anintegratedTREC marketin the U.S. In Europespecificconcernsncludethat
TRECsfrom one country might underminethe developrrent of renavable enegy in the

purchasingcountry andthat subsidzed renavable enegy in one country could compete

withoutoperning its marketto competition. For noncompliarce also,thekind of penaltyvariesacrossstates.
For exanple, mostof the stategust chage a fine for noncompliarce,insteadin Massachusettén additian
to payingafine, theshortfll need to bemadeupin future.

20For exampe whatwill be the definition of renavableenegy (e.g. will large hydro be included or not)
or whatwill bethetime lengh for validity of the credts etc. SeeGolove et al. 2000 for differercesin the
definitionof renavalde enepgy setby differentstates.
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unfairly againsthe unsubglized renavableenepgy from anothercountry Theseconcerns

will alsohaveto beaddresseth theU.S.

Dueto thedirectlink betweertheenegy pricesandTREC prices,the pricefluctuation
atthe enegy market will certainlyinfluencethe certificateprice. Giventhe mamginal cost
of production alow market price for a unit of enegy will correspondo a high mamginal
costof certificatesandvice versa. In additian, the variability in the supply of renavable
resourcegfor instancedueto seasonabariationin wind andsolarpower) maycauseansta-
bility in theTREC market. It is importantthatthe TREC marketis designedn suchaway
thatsubstanal pricevariationscanbe handled Extendingthe TREC market beyondstates
canreducethesefluctuationssubstantlly. Theinterplaybetweemarketswill damperthe
price fluctuationof renavable enegy andresultin a more stableflow of revenueto the

investas. SeeGraceandWiser(2003),Lemming (2003)andBerry (2002).

Unbundling the physcal unit of enegy from the ervironmentalunitsin anintegrated
TREC market causeshe out of state/rgion buyersto payfor the environmentallyfriendly
generatiorwithout actuallyreceving ary local ervironmentalbenefits?* Ingeniousways
of market integrationcanresol\e this problemto someextent. (SeeMidttun andKoefoed
(2003), Graceand Wiser (2002)). Section5 discussesheseoptionsin moredetail. Pro-
viding moreenvironmentalknowledgeto the peopleandhighlighting the global natureof

ervironmentahazardsreatedy thegreenhousegasesnayalsoreducethelocal concern.

4.6 Extent of Banking and Borr owing

The intermittentnatureof renavable enegy generationcanleadto high volatility in the
TREC market. Lemming (2003)discusses$wo critical risk factorsthatinfluencethefinan-
cial risk for invesbrs of renavableenepgy. Oneis fluctuationin productionandthe other

is imperfectinformation aboutsupplyand demand. Lemming (2003) arguesthat fluctu-

21Sometimest is hardfor the consumersto acceptthe systemof buying creditsthat representthe gree
attributesof enepgy producedin anotherstatewhile their own stateis still producingenegy from fossil fuel.

18



ationsin the renavable input tendto decreasehe shortrun financial risks involved with
investnentin renavableenegy dueto the negative correlationbetweerthe volumesof re-
newable enegy generatiorandthe TREC price. The secondtype of risk arisesfrom the
unpredictabiliy of the supplyanddemandof the TRECs. The demandsideinformationis
relatedto future policy uncertaintywhereaghe supplysideis linkedwith the intermittent
natureof the renavable enegy generation.The lack of supplyand demandinformation
will causanvegorsto demancdahigherrisk premium.Lemming(2003)arguesthatregula-
tor canminimize this effect by beingtransparenanddissenmatingfuture policy andother

relatedinformation Berry (2002)alsodiscussetheseissuesn detail.

The volatility in the TREC market canalsobe reducedif bankingandborrowing of
TRECsis allowed. One major questionhowever is how long the allowed time period
shouldbefor banking.Therearedifferentopinionsat this point. For instancethe Green-e
Program requires‘true-up” periodof oneyearandthreemonths for matchingrenavable
enegy generationwith its sales(seeGreen-e2001). The Centerfor ResourceSolutions
(CRS2001)amrguesthatthe highesteconomicvaluefor TRECswill be derivedif owners
have the option to hold and resell TRECsarytime during a three-yearperiod following
its creation. Extensve bankingperiodis likely to redeemhe expansionof renavableen-
ergy generationand may also createhigher transactioncostas it will complicatelegal
arrangementandenforcemenagainsconsumedeception.Thedesireto bankcertificates

is expectedo beloweredasthe TREC pricefallswith morerenavabletechnologyin place.

4.7 Institutional Reasondor Lack of Interr egional Trades

Compatibilty of regulatian is amajorcomponentf anintegratedTREC market. In estab-
lishing anintegratedmarketfor TREC,theEuropearuUnionis facingasignificantchallenge
in termsof synchronizingandintegratingmultiple policy set-upfrom differentnationalreg-

ulatorybackgroundandresourceendavments(Midttun andKoefoed(2003)).In European
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context, Meyer (2003)arguesthat a preconditionfor an integratedmarket is to have con-
sistentnationalrulesthatat leastprecludeunfavorablecompetiton. EU hassetup a pilot
projectto obtainpracticalexperienceon internationattradeof greencertificateson a lim-
ited scale(RECS1999)?? Underthis projectcertificateswill betradedbetweencountries
andat leastonethird of the transactiorof certificatesby the utilitieswill needto beinter
national.Undertheumbrellaof federalregulatoryframevork U.S. canalsodesignsuchan

experimentalprojectat aninterregionallevel.

NielsonandJeppese 2003)focuson afew crucial pointsthatneedto be addressetb
establishanintegratedTREC system First, whattechnologesandfuel resourceshouldbe
considerectligible for certificates.One states exclusion of certaintechnologyimposesa
traderestrictionon anotherstates certificategeneratedy thattechnology For example,
wind is considere@sareneavablesourcen Texasbut notin Arizona. Seconds harmoniz-
ing market stabilzationmechanismDifferentstatesmay have differentceilingsandfloors
to stabiize the price of certificates.Statesneedto agreeon a singlepricerestriction. The
samerule appliesfor determiningthe penaltyfor non-complance. Otherwisethe highest
minimum andthelowestmaximum pricerestrictionwill dominaten theintegratedsystem.
The validity of the certificatesalsoneedsto be harmonizedacrossstates.Allowing trade
betweerone-yeawalid certificatesandfive-yearvalid certificatess unfair. The difference
in thebankingandborrawving rulesalsorestricttradein thesamefashion.Third, stateregu-
lationsto stimuate or supportcurrentlyuncompetitve renavabletechnologes maydistort
thecompetiton andhenceshouldbe standardizedrinally, tradingof certificateghatwere
generatedhroughvoluntary versusmandatoryrequiremenshouldnot be allowed. In one
casethenon-compiler facespenaltywhile in othercasehe doesnotwhich complicateghe

pay-of from thetrade.SeeNielsonandJeppesef2003)for moredetails.

22Theprgjecthasdevelopeda co-gperationbetweera growp of utilities from Austria, Denmak, Germary,
Holland Italy, Norway, SwederandUK.
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5 Discusson and Conclusions

An integratedTREC market hasa broadappealsit helpsto lower the costof meetingen-
vironmentalgoalsaswell asoffer flexibility andchoiceto its users.First of all it provides
thetechnicalflexibility - the TREC systemintegratesdifferentrenavableenegy technolo-
gies,generatingat differenttimesandplaces. Seconds market flexibility - the TREC s
atradableinstrumentthatcansene the needsof anincreasinglydiverseandsophisicated
market whereconsumersarefacingmorechoicesover the enegy they buy, andwho they
buy it from. The develgpmentof anintegratedTREC market will facilitatethe integration
of renavableenegy into the deregyulated partially dereyulatedandthe not yet deregulated
marlkets. At the sametime, it will economicallycompensat¢éhe RE technologiedor the
ervironmentalbenefitsthatthey generateeomparedo the power productionfrom thefos-
sil fuels. Third the political flexibility - TRECscanhelp the implemenation of a variety
of policy instrumentsandallow economidntegrationat differentscales.Tradingsystems
couldwork at variousgeo-politicallevels.?® In the U.S., anintegratedTREC market will
offer ahighly efficient, flexible andcosteffective way to complywith RPS(similar type of

conclusiorhasbeendravn by Andrewvs 2001in Australianperspectie).

In additionto the costefficientway of producingrenavableenepy, anintegratedTREC
systemprovideseconomie®f scalein regulation(seefootnote14). An integratedTREC
market will dampenrthe price fluctuationscausedy the intermitent supplyof therenav-
ableresourcesA nationalor at leastregional certificatetrading systemmay alsohelpto
easeolicy coordinatian problem(e.g.conflictbetweerervironmenal disclosureandRPS)

thattheindividual statesarefacing?*

23For exampe, acrossthe memler stateslike in U.S. or acrossthe courtries like in EU, courtry groups
suchasScandimvia or the Mediterrareanregion, or within technicalandtradingzonessuchasthe Nord Pool
electricitymarlet.

24porterand Wiser (2000) argue that a regional environmental certificatetrading program may resohe
someof the policy conflicts. Potentialconflicts canbe whether the RECsarerecogiized by stateerviron-
mentaldisclosurepolicies,how ervironmenal disclosurdreatsout of staterenavableenegy supgy andthe
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However the integrated TREC systemdoesnot necessarilyoenefitthe local environ-
ment,which makesregulatorsstringentaboutthecrossbordertransactiorof environmental
attributes.Futureresearcltshouldbedirectedto find ingeniousvaysto balanceboththein-
terests.Themulti-level market structuresuggestetty Midttun andK oefoed(2003)maybe
oneway to dothis?® They aguethata multi-level market structurewould simutaneously
facilitate scaleand scopeadvantagesn large global andregional markets while protect-
ing the local erwvironmentthroughlocally tunedregulatorymechanismsGraceandWiser
(2002)alsopropose'SuperMarket GeographicEligibility” concepin transactingrviron-
mentalattributesacrossmarket boundaries Accordingto this conceptseveral markets(or
states)areintegratedinto a supermarket which ensuresrnvironmentalbenefitsinsidethe
region coveredby the supermarket territory. For example,onesupermarket canbe estab-
lishedfor New York, New EnglandandPJM (Pennsylania, New Jersg andMaryland). If
the RPSrequirementis lower thanthe currentshareof renavable enegy generationthe
renavableenegy generatiormayevendeclinein theabsencef RECtradingacrossstates.

Thisis likely to happerin Maine.

A numberof otherissuesalsoneedto be addresseth the organizationof anintegrated
TREC market. Theseinclude the variability of the fluctuatingrenavable resourcege.g.
seasonaVariationin the supplyof wind and solarpower etc.), time lagsin capacityde-
velopnentandthe importanceof settirg the harmonizedyuotasandstandardn the short
run andlong run. If theseare not handledproperly integration stepsmight createhigh
instabilty in the market. Hence,beforeswitching to a fully integratedsystem it may be

wiseto gothroughanexperimentaphaseaswasdonein Europe(RECS1999).

interactionwith RPScompiance,differencesn RPSeligibility andhow it is examinedetc.
25They suggestthatrenavableplantswill beableto tradecreditsatlocal, regional andglobal levels.
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Tablel: Statusof REC Tradingin U.S*

State REC Trading | Program Designed Out-of-state
Allowed and Allowed ResourcesAllowed™
Arizona yes no no (for wind)
Connecticut no no® yes
Maine yes® no yes
Massachusetts yes no yes
Nevada yes no? no
New Jersg yes no yes(with restrictions)
New Mexico | notaddressed no no
Pennsylania | notaddressed no unspecified
Texas yes yes yes(with restrictions)
Wisconsin yes’ no yes

* - source:Wiseret. al. 2000.
**x - resourcencludeREC,tax rebatesandothergovernmentubsidies.
@ - left for privatemarlkets.
6 - maybeallowedbut Public Utility Commision (PUC)decidednotto implement.
@ - underdevelopnent.
® - only for renavableabose RPSstandard.
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Table2: RetailProductOfferedby RenavableEnegy CertificateMarketers (asof March

2002)
Certificate Retail Product Resources Location Price
Mark eters Name of Resources | Premiums™
Bonneville GreenTags New wind, solar Pacific 2.0c/kWh
Environmental Northwest
Foundatio
Communiy New Wind New wind Pennsylhania 2.5¢/kWh
Enegy Enegy
LosAngeles | GreenPower wind, Wyoming, Minimum $5
DWP for GreenLA landfill methane California contribution
Certificates
Native Enegy | Windbuilders New wind SouthDakota | $120annual
membership
PGE PureWwind New wind New York 4.0c/kWh
Corporation Certificates
Renevable | AmericanWind | 100% New wind Texas 2.5c/kWh
ChoiceEnegy
Renavable EcoChoice 90% Renavable, California, 1.8c/kWh
ChoiceEnegy 10% new wind Texas,other
SterlingPlanet| SterlingPlanet Smallhydro, California 1.6¢c/kWh
GreenEnegy | geothermalbiomass (20% premium)
SunPower Regen Biomass Rhodelsland, 3.6¢/kWh
ElectricCorp. andsolar Massachusetts
Waverly Light | lowaEnegy Wwind lowa 2.0c/kWh
andPower Tags

x - Source:GreenPower Network May 2002.
x* - Largeusersmaybeableto negotiatelower price premiums.

27




Renewable | g

Energy Plant

REC

!

Renewable
Energy Plant

#

Base

Dollars Dollars
Distributor/ i Consumer
p| Supplier -
Renewable Energy Renewable Energy
a) Bundled Transaction of Energy and Environmental Attributes
Energy
I Supplier B | Consumer 2
Energy p Consumer 1
4> .
Supplier A

Energy

b) Unbundled Transaction of Energy and Environmental Attributes

Figurel: Transactiorof Enegy andEnvironmental Attributes

28




Demand
Constraint

Price

A
SrEC

Supply
Constraint

Price

A+B
SReC

i B | D
Export import! REC !
A A i B B ; A+B i
uantit uantit uantit
Qp Q7 Q y Qp Q7 Q y Q T Q y

Panel a: State A (Surplus of REC)

Marginal
cost of

Renewable
Energy

Figure3:

Figure2: Tradeof REC AcrossDifferentStates

State B

State A

29

REC

Efficiency with IntegratedTREC Market

Panel b: State B (Shortage of REC) Panel c: State A+B (Trading of REC)



